Background: Cervical cancer is the most common cancer among women in Nepal. The prevalence of human papillomavirus (HPV) 16 and or HPV 18 among women with cervical pre-cancer and cancer is higher than the incidence of HPV in the world population. The population-based epidemiological data of HPV in the general population in most parts of the country remains unknown. The objective of this study was to assess the prevalence and type distribution of HPV infection and association of abnormal cytology with high risk HPV infection among women in mid-western rural, Nepal. Methods: A population-based cross sectional study was conducted in Jumla, one of the most remote districts in Nepal. A total of 1050 cervical samples were collected from married and non-pregnant women aged 20-65 years during mobile Cervical Cancer Screening Clinics conducted from May 2016 to January 2017. The presence of HPV DNA was firstly confirmed by HPV consensus PCR using PGMY09/PGMY11 designed primers, then HPV positive samples were further genotyped by the membrane hybridization method to detect the 21 high-risk HPV (HR-HPV) and low-risk HPV types. The prevalence of HR-HPV among women with normal and abnormal cytology was calculated. Data were analyzed using SPSS software for Windows. P < 0.05 was considered statistically significant. Results: A total of 998 women were eligible for this study with the mean age 32.6 ± 8.6 years, and the mean marital age was 16.7 ± 3.8 years. The overall prevalence of HPV infections was 19.7%. HR-HPV and low-risk HPV were 11.7 and 8.7% respectively. The six most common HR-HPV types were HPV16, 39, 58, 33, 51 and 18. HR-HPV infection among the women with abnormal and normal cytology was of 27.3 and 10.8% respectively. Conclusions: There was a higher prevalence of HR-HPV infection among women living in Jumla than other parts of Nepal. This study provides preliminary information on overall HPV and type-specific HR-HPV prevalence, 39, 58, 33, 51, and 18 are the most prevalent genotypes in this region. The data contribute to the epidemiological knowledge about HPV and type-specific HR-HPV genotypes prevalence in mid-Western Nepal.
Background
Worldwide, the prevalence of human papillomavirus (HPV) 16 and or HPV 18 among women with low grade squamous Intraepithelial Lesions (LSIL), high-grade squamous intraepithelial lesions (HSIL) and cervical cancer is 25.8, 51.9 and 69.4% respectively [1] . The burden of HPV infection is significantly high about 10 million new cases of HSIL, and 30 million new cases of LSIL are diagnosed every year. The potential risk of HPV for cervical cancer is higher than Hepatitis B virus (HBV) is for liver cancer and even smoking is for lung cancer [2] . HPV infection is regarded as the well-established cause of cervical cancer now and a risk factor for other anogenital as well as head and neck cancers [1] .
Cervical cancer is the most common cancer among women in Nepal. Cervical cancer demonstrates a decreasing trend in more developed countries, but consistently remains the number one female cancer of incidence and mortality in Nepal. According to the Information Center on HPV and Cancer (ICO), Nepal reports a prevalence of HPV 16 and or HPV 18 among women with LSIL, HSIL, and cervical cancer are 30.2, 63.4, and 80.3% respectively. The prevalence of HPV infection in Nepal is higher than in the world population [3] [4] [5] .
Human genital HPV types are categorized according to the epidemiologic association and potential risk of cervical cancer. The eight most common types high risk (HR) HPV (HPV-16, 18, 31, 33, 35, 45, 52, 58) and relatively less common four types (HPV-39, 51, 56, 59) found in cervical cancer were classified in group 1. Probably carcinogenic to human's HPV-68 was classified in group 2A. The remaining types of HPV 26, 53, 66, 67, 70, 73, 82 of the high-risk alpha species were classified in group 2B as "possibly carcinogenic" [6, 7] .
The actual distribution of HPV is not known for some resource-limited countries, including Nepal [8] . Studies reporting the epidemiologic information on HPV in Nepal are sparse. Sherpa et al. in 2010 indicated that among the general population the overall prevalence of HPV was 8.6% including 6.1% for high-risk HPV [9] . Among the women with invasive cervical cancer, the incidence of HPV 16/18 infection was around 91% [9] and 70% [10] . Similarly, another study conducted by Shakya et al. [11] in the rural site of Kavre district found that the overall HPV prevalence was 14.4% including 7.9% of HR-HPV, whereas 9.6% of HR-HPV infection was reported in a study from far-western region of Nepal [12] . Furthermore, a study conducted by Bhatta et al. in 2017 among Nepali and Bhutanese women living in eastern Nepal reported the prevalence of 8.9% HR-HPV infection [13] . In the presence of co-factors, persistent infection with an oncogenic HPV is necessary to develop cervical cancer [14] . Therefore, the HPV test has emerged as an essential screening tool. HPV infection status is thus significant in cervical cancer screening and prevention strategy [15, 16] .
Reproductive health indicators in Jumla are below the level than general Nepali women. The prevalence of female adolescent marriage is almost 83%; the total fertility rate is 4.2, literacy among women is 41% in Jumla [17, 18] . The population based epidemiological data of HPV in the general population in most parts of the country is still unknown [11] . So far, we know this was the first population-based study conducted in such remote area, Jumla. The objective of this study was to assess the prevalence and type-specific distribution of HPV infection and association of abnormal cytology with high-risk HPV infection among apparently healthy women in mid-western rural, Nepal. This study intends to give a sound basis for future strategic plans for the prevention of cervical cancer.
Methods

Study setting
A population based cross sectional study conducted in Jumla. According to National Population and Housing census 2011, the total population of Jumla is 108921, and the overall, married women registration is 27309. Jumla is one of the most remote districts in Nepal with women who have a high illiteracy rate, high poverty, low economic development, and inadequate transportation facility [17, 18] .
Sample collection
Ethical approval was obtained from the Nepal Health Research Council (NHRC), Nepal and Department of Gynecological Oncology, Second Clinical College of Wuhan University, China. The study participants were recruited from the different mobile cervical cancer screening programs conducted in Jumla, in 2016 and 2017. Inclusion criteria in this study were: aged 20-65 years married, non-pregnant, apparently healthy, asymptomatic women, with no history of cervical cancer. The exclusion criteria were women who were menstruating or did not want to participate in the study. Eligible women were counseled about the research and informed that they could withdraw from the study at any time with no impact on the routine care. A written informed consent was obtained from eligible participants with either a signature or thumbprint. Cervical cells of 1050 women were collected using cytobrush (Hybribio® Limited, China) from the eligible women who were in follow up for our previous screening test (cytology) report.
Cytology was done 4 weeks earlier and reported according to the Bethesda system [19] . For the analysis purpose, the cytology report was categorized into normal and abnormal. Routine cervical cytology included negative for intraepithelial lesion or malignancy (NILM) and inflammatory changes. Abnormal cervical cytology included atypical squamous cells of undetermined significance (ASC-US), low-grade squamous intraepithelial lesion (LSIL), high-grade squamous intraepithelial lesion (HSIL) and squamous cell carcinoma (SCC).
DNA extraction PCR and HPV genotyping
DNA extracted in Intrepid Cancer Diagnostics, Kathmandu using the QIAamp DNA Mini kit (QIAGEN Germany) according to the manufacturer's instructions. Extracted DNA samples were stored at − 20°C until transported on dry ice to the Zhongnan Hospital of Wuhan University, Hubei Cancer Clinical Study Center, Hubei Key Laboratory of Tumor Biological Behaviors, Wuhan, China for HPV DNA analyses.
The presence of HPV DNA was firstly confirmed by HPV consensus PCR using PGMY09/PGMY11 designed primers to amplify a fragment of the HPV L1 gene visible at 450 bp and Human Leukocyte Antigen (HLA) band at 230 bp as described in 'Human papillomavirus laboratory manual' published by World Health Organization [20] . Detection of HLA confirmed that DNA had been extracted in sufficient amount. Amplicons were detected after the agarose gel electrophoresis and Ethidium bromide staining under the UV transillumination. Gel electrophoresis analysis was done to limit the only HPV positive samples for further genotyping by membrane hybridization ( [7] . All other HPV types were considered low-risk HPV (LR-HPV).
Statistical analysis
Data were analyzed using SPSS software for Windows (version 16.0). The distribution of characteristics of participants was presented as numbers, percentage and mean. Odds ratios (ORs) and their 95% confidence intervals (CIs) were obtained using univariate analysis to assess the effect of characteristics in HPV infection. P < 0.05 was considered statistically significant.
Results
Altogether 1050 samples were collected; 20 samples were not adequate for DNA extraction, and 32 samples had no HLA band visible under UV transillumination after Gel Electrophoresis of PCR product suggesting invalid for further analysis. Table 1 shows the distribution of HR-HPV according to the socio-demographic and reproductive health characteristics. Among 998 eligible women, the mean age was 32.6 ± 8.6 years; the mean marital age was 16.7 ± 3.8 years. There were around 40% of women married before the age of 15 years. About 50% of women had more than three children. Forty-one percent of women were illiterate, and among the literate group more than half just had an informal education which means they can hardly read or write. Almost 16% of women were a current smoker. A significant number of women (14.3%) reported that they had sexually transmitted infection (STI) in the past and about 12% of the participant's husband had multiple marriages or multiple sexual partners. There were 5 cases of HIV positive women. HR-HPV was most prevalent in the younger age group from 20 to 29 years, and in the same way more common on those who marry before the age of 20 years. The HR-HPV Positive rate was increased correspondingly with the number of pregnancies and number of childbirths.
There were 197 (19.7%) HPV positive cases detected from 998 acceptable samples. High and low risk HPV were 115 (11.5%) and 82 (8.2%) respectively. In total, 13.6% women had single-type infections, and 6.1% had multiple-type infections. HPV 16 and HPV 39 were the most common multiple infections. The six most common HR-HPV types were HPV16 (6.7%), 39 (4.8%), 58 (2.8%), 33 (2.6%), 51 (1.4%) and 18 (1.2%). HPV 6 (0.6%) was the most common LR-HPV. There was no positive case of HR-HPV 59. The number of other uncharacterized LR-HPV type was 72 (Table 2 ). Figure 1 illustrates that HR-HPV is more prevalent in the younger age group. In the age group of 20-29 years, 29.8% of HR HPV infection occurred, whereas only 3.6% of HR HPV infection presented in 50-65 years' age group. There were 'two peaks' in the prevalence pattern of the overall HPV and HPV16/18 infections; the first peak was at the age group of 25-29 years and the second small peak was at the age group of 40-44 years (Fig. 2) . Table 3 presents the association between variables and HR-HPV infection. The relationship between HR-HPV and the variables of age, marital age, number of pregnancies, number of childbirths, education status, smoking, participant's multiple marriages or multiple sexual partners, husband's multiple marriages or multiple sexual partners, contraceptive use, HIV status and STI status were analyzed with the use of odds ratio (OR). Chi-square test was used for the statistical significance. The HR-HPV was significantly associated with age, number of pregnancy, number of children, husband's multiple marriages or multiple sexual partners and participant's HIV status (p < 0.05).
Abnormal cytology reports were 44 in 998 women. HR-HPV infection among women with abnormal and normal cytology was 27.3 and 10.8% respectively. Positive HR-HPV was significantly higher in women with abnormal cytology. The abnormal cytology for women with LSIL, ASC-US, HSIL, and SCC had HR-HPV infection rates of 25, 13.3, 40 and 75% respectively (Table 4) .
Discussion
A well-established fact is that HR-HPV has a vital role in cervical cancer, which induces transformation of cervical epithelial cells into precancerous lesions and slowly into cancer [21] . About 84% of the cervical cancer burden is in the developing countries and especially in low resource areas. Though cervical cancer is the most This study revealed prevalence rates of HPV infections (19.7%) and HR-HPV (11.7%). The HPV infection rate was higher in comparison to other previous studies done in Nepal which ranged from 8.6 to 14.4% [9, [11] [12] [13] . The findings of this study represent higher than the worldwide HPV prevalence of 10.4% and the corresponding estimate of 8.0% in Asia [22] . The higher incidence of HPV in Jumla may be attributed to the following risk factors: higher proportion of younger participants (age of 20-29 years participants were 40.4% of the sample), early marriage (marital age of 91% of the women was ≤20), multiple numbers of pregnancies, multiple children, risky sexual behaviors (multiple marriages, many sexual partners, higher proportion of sexually transmitted infections). Moreover, another important reason for the higher prevalence of HPV was probably due to the detection of HPV L1 gene by PGMY 09/11 primer system, which is more sensitive than GP5+/6+ or MY09/11 and able to amplify a spectrum of more than 30 genital HPV types [23] . Most of the studies conducted in China stated the prevalence of HPV was higher and varied by region ranging from 18.42 to 31.94% while in India reported a relatively lower rate (2.4 to 14%) [3, 24] .
The highest prevalence of HR-HPV infection was in women of 20-29 years of age. The rate of HR-HPV infections declined with age, which is similar to a finding with a previous study [25] . In contrast to this study, a report from the rural area of China reflected HR-HPV and HPV 16/18/45 were at the peak in the age group of 55-59 years [26] . We also observed that the proportion of HR-HPV infection was higher among the women who had multiple children (p = 0.039) and multiple pregnancies (p = 0.029). Illiterate women tend to have a slightly elevated rate of HR-HPV infection compared with women who are literate, but there was no statistical significance. Previous studies have reported that high-risk sexual behavior such as multiple sexual partners is a critical factor of HPV infection in women [27] , which is similar to the present study findings. Early marital age before 19 years was weakly associated with HR-HPV infection (p = 0.483).
Though there were few cases of HIV positive participants, there was a strong association with HR-HPV infections, which was statistically significant (p = 0.007). The findings are similar to a previous report [28] . In Jumla, the HPV 16 is the most common genotype followed by HPV 39. HPV 18 was in 6th position in the order. The top five HR HPV genotypes in this sample were 16, 39, 58, 33 and 51. However, a study conducted by Bhusal et al. among 44 women diagnosed with invasive cervical cancer found HPV16 was the most common HR-HPV followed by HPV18 [10] . Sherpa et al. reported the most common high-risk types among women with normal cytology were HPV16, 58, 56, 18, and 52. Meanwhile, Shakya et al. reported HPV-18, 51, 59, 31 and 16 as the five most common HPV [9, 11] . So, it is clear that there are variations in the prevalence of HPV infection frequency within Nepal. Nevertheless, HPV 16 and 18 seem to be the most common. In the South Asian, HPV 16 is the most frequently detected genotype followed by HPV 58 while HPV 18 is common in Western countries. Other common HR HPV reported in the South Asian countries are 52, 18, and 31 in different orders of frequency [29, 30] . Worldwide, the most common HPV types in women are 16, 18, 31, 58, and 52, which is about 50% of all HPV infections [22] .
Two types of vaccine against HPV are licensed for use in the United States by the FDA. A commonly used quadrivalent vaccine, Gardasil® covers against HPV types 6, 11, 16, and 18. A newer vaccine, Gardasil 9, was approved by the United States Food and Drug Administration (US FDA) in 2014 and protects against HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58 [31] . A pilot vaccination program was launched among 1096 school girls in Nepal giving quadrivalent human papillomavirus (types 6, 11, 16, 18) recombinant vaccine (Gardasil; Merk & Co.). A post-vaccine study reported the vaccine was safe with high acceptability in Nepali school girls but needed longer follow up to determine the long term vaccine effect [32] . Based on our findings even Gardasil 9 would cover only around 64% of women of Jumla since it does not include HPV 39, which was the second most common genotype in the present study sample. Therefore, from the 'cost and benefit' point of view, vaccination is not an ideal option in low resource countries. Thus, a simple, acceptable and sustainable screening method for cervical cancer screening provides greater efficacy.
The findings of this study suggest that abnormal cytology is strongly associated with HR-HPV infection. When the severity of disease is higher from LSIL to SCC, HR-HPV the infection rate also increased from 25 to 75%. The trend and percentage of the current findings are similar to previous studies [3, 11] .
As a cross-sectional study, the prevalence of HPV infection in the rural region was obtained. Further longitudinal studies are recommended to study the relationship of the persistence HPV infection and other co-factors such as early marriage (early sexual debut), multiple pregnancies, multiple numbers of children, "chaupadi" tradition (poor harmful practice during menstruation), smoking, risky sexual behaviors and low socioeconomic status with anogenital cancers. Purposive sampling technique was used to collect a sample from the participants in a cervical cancer screening camp. Thus, the sample in this study may not be a reflection of all the Nepali women. However, the results provide valuable preliminary information on overall HPV prevalence and distribution of HR-HPV Genotype in a rural population.
Conclusions
Women living in a mid-western rural region of Nepal reflect a higher prevalence of HR-HPV infection than other areas of Nepal. This study provides preliminary information on overall HPV and type-specific HR-HPV prevalence; HR-HPV 16, 39, 58, 33, 51, and 18 are the most prevalent genotypes in this region. The data contribute to the epidemiological knowledge about HPV and type-specific HR-HPV genotypes prevalence in mid-Western Nepal. 
